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 I. ABSTRACT 
 Extreme storms, such as hurricanes, have the potential to cause widespread erosion. 
Precipitation and other surface processes triggered by heavy and/or intense rainfall, including 
landslides, debris flows, and tree throws, move sediment from hillslopes into rivers and 
eventually into the ocean. These processes then change the landscape. One way to measure 
landscape evolution is by tracing concentration of cosmogenic nuclides in stream sediment over 
time because episodic events can change the source of sediment and thus its isotopic 
concentration. 
 Here, I examine the effect of Hurricane Maria on the Caribbean island of Dominica – a 
tropical setting where erosion rates have not previously been measured – by measuring beryllium 
isotopes in river sand collected before (July 2017) and after the hurricane (January 2018). 
Analyzing the samples for meteoric (10Bem) and in situ 10Be (10Bei) before and after the storm 
allows us to test for temporal and spatial variance of these nuclides as a result of storm-induced 
erosion and sediment transport. Isotopic concentrations, erosion rates, and their respective 
differences over time are compared in relation to landscape-scale factors of watersheds. 
 The isotopic data sets do not correlate to local mean relief, mean slope, watershed area, or 
precipitation (mean annual and total from Hurricane Maria). The most significant correlations 
are with watershed mean elevation and percent landslide area before and after the storm. Coarse-
grain (250 to 850 µm) meteoric 10Be concentrations are inversely proportional to percent area of 
landslides and watershed mean elevation. The fine-grain 10Bem, coarse-grain 10Bem, and 10Bei 
measurements of before-hurricane samples have medians of 1.4 x 108 atoms/g, 4.5 x 107 atoms/g, 
and 3.0 x 104 atoms/g, whereas measurements of after hurricane samples have medians of 1.4 x 
108 atoms/g, 3.6 x 107 atoms/g, and 3.9 x 104 atoms/g, respectively. The similar medians and 
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 high p-values from the Mann-Whitney U-Test indicate no detectable difference in the sample 
populations before and after the hurricane. However, the percent difference of only few sample 
sites fell within ± 2σ analytical precision (3 of 7 for in situ 10Be and 2 of 11 for meteoric 10Be) 
that qualifies those individual samples as replicable. 
 Even though isotope concentration of individual samples does change from before to 
after the hurricane, there is no observed correlation between our isotopic concentration data sets 
and landscape characteristics. The percent differences range greatly from positive to negative (as 
low as -138% to as high as 74%) and we observe no broad patterns caused by the hurricane 
around the island. Similar average isotopic data before and after the hurricane show that the 




 Hurricane Maria swept across the Caribbean island of Dominica, Lesser Antilles, in 
September 2017, causing catastrophic damage and catalyzing geomorphic processes such as 
sediment movement and tree throws (Figure 1). Wind gusts peaked at 77 m/s (173 mph) and total 
precipitation measured up to 0.58 meters over 30 hours. The effects of these meteorological 
disturbances included flooding rivers (National Hurricane Center, 2017) and landslides that were 
widespread across the island (Talbot-Wendlandt, 2018). Together, these hydrologic forces of 
large storms, in general, move sediment from hillslopes, into rivers, and eventually off the 
landscape and into a receiving body of water (Goff et al., 2010; Miles et al., 2015).  
 Little is known about the rates of erosion and denudation in the tropics, including the 
effect of a major storm on cosmogenically-determined erosion rates (Portenga and Bierman, 
2
Figure 1: A: Hurricane track of Hurricane Maria across the Caribbean (NHC, 2017; Page 
47, Figure 14). B: Hurricane Maria over Dominica at 0600 UTC 19 September, 2017 
(TRMM, 2011) 
Hurricane Maria     47 
 
 
Figure 14. All official track forecasts for Maria from the time of genesis (1200 UTC 16 September) up to shortly before landfall in Puerto 











 2011).  Extant cosmogenically-based erosion rate data in the tropics are from Puerto Rico 
(Brown et al., 1998; Larsen and Roman, 2001; Brocard et al., 2015; McClintock et al., 2015; Joo 
et al., 2018). Like Dominica, Puerto Rico has steep correlations of erosion rates to landscape 
variables to forecast erosion patterns for Dominica. In Puerto Rico, mass wasting events, such as 
landslides, produce high erosion rates (Larsen and Roman, 2001). Such high erosion rates can 
also be due to intense rainfall (i.e. hurricanes) and land use practices (i.e. agriculture and 
deforestation) (Brown et al., 1998; Larsen and Roman, 2001). The denudation rate of agricultural 
watersheds are approximately double that of undisturbed watersheds (~0.085 mm/yr versus 
~0.043 mm/yr; Brown et al., 1998) as a result of having more landslides.  
Additionally, studying erosion rates upstream and downstream of knickpoints shows that 
where river flow velocity increases because of a sharp change in slope, erosion rates increase on 
adjacent hillslopes (Brocard et al., 2015). Velocity of river flow would increase with intense 
rainfall. In more generalized studies, simulations show increases in erosion rates from high 
rainfall intensity and even more so with wind-driven rain (Ahmed et al., 2012; Marzen et al., 
2017). A modeling study suggests that it takes about 3 short return period storms to result in the 
same volume of erosion as a single extreme storm (long return period) (Ferreira, 2005). 
Understanding how the landscape responds to atmospheric and hydrologic factors can increase 
our understanding of how landscapes respond to large storms that intensify precipitation and 
wind. 
 Here, I present and interpret three data sets from detrital (river sediment) samples 
collected before and after Hurricane Maria: meteoric 10Be concentrations in two grain size 
fractions and in situ 10Be concentrations. Erosion rates are derived from in situ 10Be 
concentrations, so we use in situ 10Be data to interpret erosion rate patterns across the island. We 
4
 compare each data set to watershed-scale landscape factors, which can be divided into two 
categories – topographic elements (mean elevation, local relief, slope, and area) and landscape 
modifiers that can affect topographic elements (mean annual precipitation, hurricane 
precipitation, and landslides). I use bivariate linear regression analysis to interpret broad spatial 
patterns of our data sets around the island.  We also compare meteoric 10Be to in situ 10Be-
derived erosion rates and to meteoric 10Be flux to supplement our interpretations. To determine 
whether my data sets significantly differ before and after the hurricane, I test temporal 
replicability within each data set two ways: 1) plotting after-hurricane measurements against 
before-hurricane measurements and comparing data points to a 1:1 line and 2) calculating 
percent differences between before and after samples to analytical precision at 2σ. Percent 
differences that fall within 2σ are replicable. I also use the Mann-Whitney U-Test to determine 
whether the central tendency of the data sets shifted in either direction or stayed the same. The 
results give insight into whether a large tropical storm that interrupts assumed steady state 
erosion effects the isotopic concentration measurements from which we derive erosion rates.  
 
III. BACKGROUND 
 When primary cosmic rays interact with atoms in the atmosphere, cosmogenic nuclides 
and secondary neutrons are produced; the latter travel to Earth’s surface where they interact with 
rocks and produce more cosmogenic nuclides (Lal and Peters, 1967). Meteoric 10Be (10Bem) is 
produced in the atmosphere and delivered to the surface by precipitation or dry fallout and is 
found in surface coatings of mineral grains at and near Earth’s surface (Graly et al, 2010).  In situ 
10Be (10Bei) is produced within minerals a few meters of the surface and its concentration 
diminishes rapidly with depth. Quartz is used for 10Bei analysis because of its simple chemical 
5
 formula, resistance to physical and chemical weathering that allow it to retain 10Bei, and a simple 
production pathway (Lal, 1988). Both 10Bem and 10Bei allow understanding of geological process 
rates throughout a landscape (e.g., Mandal et al., 2015; Bestland et al., 2016; Schoonejans et al., 
2017). In this study, I use 10Bem and 10Bei concentrations to compare sediment collected before 
and after the hurricane. We also use in situ 10Be to determine steady state erosion rates assuming 
samples are a homogenous representation of sediment sourced upstream (Brown et al. 1995; 
Bierman and Steig, 1996; Granger et al., 1996).  
 Understanding a landscape’s response to storms is complex and depends on several 
meteorological parameters of a storm as well as the geomorphic characteristics of the landscape 
(Phillips and Van Dyke, 2016; Dikau and Schrott, 1999; Joemlli et al., 2007; Knighton and 
Nanson, 2001; Slattery et al., 2006). To help understand Dominica’s landscape response to 
Hurricane Maria, I use temporal replicate pairs. Such paired samples were collected at the same 
location over a span of time (in this case, before and after the hurricane). Replication analyses 
are useful to detect and understand either variability or consistency of temporal/spatial data 
(Barbarand et al., 2003; Bertin and Friedrich, 2018; Kettner et al., 2010; Gonzalez et al., 2017). 
Detrital thermochronology analyzes temporal replication within stratigraphic units in terms of 
understanding changes like deposition, exhumation, and denudation over time. (Piedrahita et al., 
2017; Carrapa et al., 2003; Glotzbach and Bernet, 2011; Chirouze et al., 2013). Geomorphology 
analyzes temporal replication on fluvial terraces (Schaller et al., 2016). The two latter examples 
observe changes over a long-time scale of thousands to millions of years. Temporal replication 
can be applied in a short-time scale too (months, years). In Gonzalez et al. (2017), temporal 
replicate pairs are analyzed for variation between the wet monsoon season and the dry season in 
China; results showed no statistical difference between isotopic concentrations of samples 
6
 collected in the wet season and the dry season.  
  Data sets can be examined through the lens of replication in relation to landscape factors 
to determine what affects replication. In this study, I examine watershed-scale landscape factors 
including mean elevation, local relief, slope, area, precipitation, and landslide area. Additionally, 
I consider the effect of one variable on another – for example, intense precipitation can trigger 
more landslide events (Vijith et al., 2012; von Blanckenburg et al., 2004). Steeper slopes, on 
which landslides are more frequent, could cause a decrease in 10Be because deeply buried 
sediments are excavated and carried downslope (Niemi et al., 2005; Al-Sheriadeh et al., 2000; 
Vijith et al., 2012; Portenga and Bierman, 2011; Matmon et al., 2003). Understanding how 
increased precipitation and steep slopes relate to increased landslides, one might hypothesize a 
correlation between poor replication and increased precipitation, increased landslides, and 
steeper slopes. Additionally, watershed area improves sediment mixing downstream, but has 
little effect on erosion rates (Portenga and Bierman, 2011; Gonzalez et al., 2017, Neilson et al., 
2017). I will compare these findings from other studies to findings in this study to help 
understand the spatial patterns and effects of Hurricane Maria on the island of Dominica. 
 
IV. STUDY SITE 
 Dominica is a 751 km2 island located in the Caribbean (Figure 2). It is located in the 
Intertropical Convergence Zone (thus susceptible to tropical storms and heavy rainfall; Hidalgo 
et al., 2015). Its tropical climate has a 30-year average temperature of 27.7 °C and mean annual 
precipitation of 2210 mm (Dominica Meteorological Service, 2019). The dry season extends 
from December to May (precipitation as low as 49 mm/month in the southwest) and the wet 
season extends from June to November (precipitation as high as 349 mm/month in the northeast). 
7
Figure 2: Location map of Dominica in the Caribbean Islands (left) and delineation of 
Dominica’s watersheds (right). Watersheds shaded blue were analyzed for in situ 10Be; 
watersheds shaded red were analyzed for meteoric 10Be; and watersheds shaded purple were 
analyzed for 10Bei and 10Bem. Gray shaded watersheds were not analyzed in this study. 
Figure 3: Photograph of Dominica’s steep mountainous terrain 
that extends to the coast. Photo credit: Melinda Quock   
4/6/19, 11(10 AMGoogle Maps
Page 1 of 1https://www.google.com/maps/@19.1811504,-83.1983763,5z




























 Approximately 35% of the land is used for agriculture 59% is forest, and 6% is human 
infrastructures (Central Intelligence Agency, 2019). The island has rough mountainous terrain 
(Figure 3) of volcanic origin with an average slope of 20%. This mountainous topography is due 
to the North American Plate subducting underneath the eastern boundary of the Caribbean Plate. 
Dominica is part of the Lesser Antilles volcanic island arc, which is the result of the subduction. 
The lithology of Dominica is predominantly andesite, dacite, ignimbrite, and pumice (Goldsmith 
et al., 2010). Conclusions drawn on landscape evolution from geomorphic studies on locations 
similar to Dominica’s geologic setting can be applied to Dominica, such as the El Rosario 
Archipelago in the southwest Caribbean and tectonically created mountains of southern 
California (Puerres et al., 2018; Binnie et al., 2007). Dominica’s steep mountainous terrain and 
tropical climate means that significant landscape changes are common during extreme events 
such as hurricanes (Puerres et al., 2018) in part because tectonic uplift primes the landscape 
creating steep slopes as the result of channel incision (Binnie et al., 2007). 
 Most previous studies on Dominica involve geochemical analysis and processes that 
move sediment. These studies do not explicitly state erosion rates, but do contain conclusions 
about weathering. Dominica’s andesitic and steep terrains and streams are found to weather 
chemically at high rates (Goldsmith et al., 2010). Landslides are identified as a significant 
erosional process that moves sediment within Dominica (Tomenchock, 2018; Talbot-Wendlandt, 
2018). Even though there are recent water chemistry data sets spanning from 2014 to 2018 that 
includes Tropical Storm Erika in 2015, sample collection occurred 10 months after Erika, which 




 V. METHODS 
 Detrital sediment samples from stream channels were collected before (July 2017) and 
after (January 2018) Hurricane Maria at the same locations (±500 m) on the island of Dominica 
using GPS to re-establish sample sites (Figure 2). Each of the watersheds had one sample site at 
the channel outlet with the exception of the Roseau watershed, which contained sample sites 
designated ≥ DM 20; DM 20 is the downstream sample for the entire watershed and all sites 
>DM 20 are subwatersheds nested within the Roseau watershed. Samples were field sieved to 
<63 µm and to 250-850 µm at each sample site. 
 To extract meteoric 10Be (10Bem) for isotopic analysis, I adapted the fusion method of 
Stone (1998). Eleven sample sites were chosen (DM 05, 08, 10, 11, 14, 15, 16, 17, 24L, 25R, 
25L) so as to be well-distributed across the island’s coasts; samples DM 24L, 25R, and 25L were 
nested in the Roseau Watershed. I analyzed both grain sizes, for samples collected both before 
and after Hurricane Maria.  
 For in situ 10Be (10Bei) analysis, the extraction protocol from Corbett et al. (2016) was 
used for quartz grain sizes between 250-850 µm. Sample sites were chosen based on quartz 
yields of samples collected before the hurricane. I selected sites with higher quartz yields. The 7 
replicated sample sites were DM 05, 06, 08, 11, 14, 15, and 16. I also analyzed before-hurricane 
sediment from sample sites DM 03, 04, 09, and 12, and after-hurricane sediment from sample 
site DM 17.  
 Cosmogenic nuclide 10Be extraction occurred at the University of Vermont/National 
Science Foundation Cosmogenic Nuclide Community Facility. Sample measurements were made 
by accelerator mass spectrometry at two different laboratories. Samples analyzed for in situ 10Be 
before the hurricane were measured at Purdue University PRIME laboratory. All 22 meteoric 
10
 samples and in situ samples collected after the hurricane were measured at Lawrence Livermore 
National Laboratory Center for Accelerator Mass Spectrometry. The standard used to normalize 
measured ratios at Purdue University PRIME and Lawrence Livermore National Laboratory is 
07KNSTD3110 with a nominal 10Be/9Be ratio of 2.85 x 10-12. 
 Remote sensing techniques and ArcGIS software were used to determine the watershed-
scale landscape factors (mean elevation, local relief, slope, area, mean annual and hurricane 
precipitation, and percent area of landslides before and after the hurricane) that could influence 
10Bei and 10Bem results (Table 1). Landslide data is sourced from Marcus Hill (Oberlin College) 
and Haley Talbot-Wendlandt (Ohio Wesleyan University) who used Google Earth Pro and post-
storm satellite images from Digital Globe for their analyses (Talbot-Wendlandt, 2018). Data for 
mean elevation, local relief, slope, and area are sourced from Cole Jimerson (College of 
Wooster) using ASTER and GDEM data (Jimerson, 2018). Rainfall data were obtained from 
World Climate for 30-year mean annual precipitation (Fick and Hijmans, 2017) and TRMM 
3B42 for total Hurricane Maria precipitation from September 18, 2017 to September 20, 2017 
(TRMM, 2011). 
 Meteoric 10Be flux from precipitation is calculated for each sample site where meteoric 
10Be was measured to determine whether there is a significant relationship or not between the 
flux and concentration, since precipitation and latitude influence the amount of meteoric 10Be we 
observe.  The following formula (Graly et al., 2011) is used to estimate primary meteoric 10Be 
fallout for the watersheds of Dominica using mean annual precipitation (P, cm/yr) and latitude 
(L) of the watershed’s mid-point elevation. The final result is expressed as 104 atoms/yr (Table 
2):  















































































































































































































































































































































































PS coordinates recorded through G
IS Pro on an iPad and on G
uru M
aps Pro on an LG
6 w




















P) (Fick and H
ijm





















endlandt, 2018); Percent calculated 
as landslide area divided by basin area. 




e flux calculated from
 latitude and m


























































































1 Latitude is m
easured at the m















flux  = P ! (1.44/(1+EX
P((30.7-L)/4.36))+0.63) w
here P is m
ean annual precipitation (cm
/yr) and L is latitude. 
                      
13
  Erosion rates (in situ 10Be only) were calculated using Version 3 of CRONUS Earth 
Online Calculator (Balco et al. 2008); data input for calculations included measured in situ 
concentration and 1σ uncertainty, latitude, longitude, and effective watershed elevation of each 
sample site (Portenga and Bierman, 2011). I analyze temporal replication by calculating the 
percent difference between before and after-hurricane sample measurements. Any sample site 
with a percent difference that falls within the analytical precision at 2σ is considered replicable. 
2σ (expressed as a percent) is calculated as twice the average of precisions for each sample site 
before and after the hurricane. The values of 2σ are ±4% for meteoric 10Be (both grain sizes) and 
±22% for in situ 10Be measurements. Additionally, we used the Mann-Whitney U-Test on 
concentrations of both 10Bem grain sizes, 10Bei, and erosion rates to determine whether there was 
a significant difference in central tendency between before and after-hurricane measurements. 
 
VI. RESULTS    
 Fine-grain meteoric 10Be concentrations are greater than coarse-grain 10Be concentrations 
by a factor of 10 and greater than in situ 10Be concentrations by a factor of 104. Concentrations of 
before-hurricane samples have medians of 4.5 x 107 atoms/g (1σ = 3.93 x 107), 1.4 x 108 atoms/g 
(1σ = 6.60 x 107), and 3.0 x 104 atoms/g (1σ = 1.66 x 104) whereas concentrations of after 
hurricane samples have medians of 3.6 x 107 atoms/g (1σ = 5.49 x 107), 1.4 x 108 atoms/g, (1σ = 
8.99 x 107) and 3.9 x 104 atoms/g (1σ = 1.84 x 104) for the coarse-grain 10Bem, fine-grain 10Bem, 
and 10Bei data sets, respectively (Tables 3, 4, 5). Erosion rates before the hurricane have a 
median of 0.096 mm/yr (1σ = 0.095) and after the hurricane have a median of 0.071 mm/yr (1σ = 
0.067) (Table 6). The medians of before and after-hurricane samples of each data set are similar,
14
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 overlapping within 1σ. Individual watershed-scale landscape factors, isotopic concentrations, 
erosion rates, and percent differences are listed in Tables 1 – 6. 
 
Replication of Before and After Hurricane Samples 
 The concentrations of individual samples before and after the hurricane are different. 
Individual samples have concentration ratios (before-hurricane to after-hurricane) fall above and 
below the 1:1 line (Figure 4). Additionally, there is a wide spread of percent differences (as low 
as -138% and as high as 74%) and very few samples fall within the respective 2σ limits for 
meteoric 10Be, in situ 10Be and erosion rates calculated from in situ 10Be (Figure 5, 6, 7, 8). A 
positive percent difference shows an increase in measurement values and a negative percent 
difference shows a decrease in measurement values of samples collected after the hurricane 
relative to those collected before the hurricane. There are 3 out of 7 from the erosion rate data 
set, 1 out of 11 from the fine-grain 10Bem data set, and 2 out of 11 from the coarse-grain 10Bem 
data set that fall within ±2σ precision. In contrast to sample-by-sample analysis of difference, the 
Mann-Whitney U-Test p-values (Figure 4) are large values (> 0.50), meaning the central 
tendency of before and after-hurricane data sets is the similar, consistent with similar median 
values. 
 
Correlations to Watershed-Scale Landscape Factors 
Relationships to Topographic Elements 
 The degree to which our measured meteoric and in situ 10Be concentrations correlate to 
mean elevation, local relief, slope, and area differs between the topographic elements. Mean 
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1:1	
Figure 4: Before and after-hurricane isotopic concentration measurements and calculated 
erosion rates are plotted to examine temporal replicability of sample sites. Coarse (250-850 
µm) 10Bem are shown as blue circles, fine (<63 µm) 10Bem are shown as red squares, 10Bei 
are shown as green triangles, and erosion rates are shown as purple X’s. R2 values describe 
the linear regression for each data set. Mann-Whitney U Test p-values describe the central 
tendency between before and after-hurricane data sets. The larger the p-value, the more 









































































































































Figure 5: Error-weighted 
average  of before and 
after meteoric 
concentration (A-D) and 
percent differences (E-H) 
in relation to mean 
elevation (A, E), local 
relief (B, F), slope (C, G), 
and area (D, H). Error-
weighted average isotopic 
concentration of coarse-
grain size (250-850 µm) 
are shown as blue 
diamonds and of fine-
grain size (<63 µm) as red 
squares. Light-gray 
shaded area is the 4% (2σ) 





























































































weighted average of 
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10Be concentration and 
percent difference in 
relation to mean 
elevation (A, E), local 
relief (B, F), slope (C, 
G), and area (D, H). 
Light-gray shaded area 
is the 22% (2σ) 
analytic precision 























 and R2 = 0.40 for coarse-grain and fine-grain, respectively; Figure 5A). However, both coarse-
grain and fine-grain 10Bem concentrations have no relationship to local relief, slope, or area (R2 < 
0.1; Figures 5B, C, D). Mean elevation and slope weakly and inversely correlate to in situ 10Be 
concentration (R2 = 0.22 and R2 = 0.20, respectively; Figure 6A, C). There is no correlation 
between in situ 10Be concentration and local relief or area (Figure 6B, D). 
 Meteoric 10Be percent difference is unrelated to mean elevation, local relief, or area 
(Figures 5E, F, H). Fine-grain 10Bem percent difference does not correlate to slope, but coarse-
grain 10Bem percent difference becomes more negative (10Bem concentrations of after-hurricane 
samples are less than before-hurricane samples) as slope increases (R2 = 0.31; Figure 5G). 
Correlations are weak between 10Bei percent difference and topographic elements (Figure E, F, 
H), except for slope (R2 = 0.55). As slope steepens, 10Bei percent difference values are more 
positive (Figure 6G).  
 
Relationships to Landscape Modifiers 
 I plotted before and after-hurricane data sets of meteoric 10Be (both grain size fractions) 
and erosion rates as a function of each watershed’s percent landslide area. Before-hurricane is 
plotted against percent landslide area observed on the island before the hurricane, after-hurricane 
is plotted against summed percent landslide area of those existing and new landslides after the 
hurricane, and percent difference data is plotted against percent landslide area caused by the 
hurricane. Coarse-grain 10Bem concentrations of before-hurricane samples and after-hurricane 
samples inversely correlate to percent landslide area. (Figure 7A, B). Fine-grain 10Bem 
concentrations of samples collected before the hurricane do not correlate to landslides (R2 < 0.1; 
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Figure 7: Measurements before the hurricane, after the hurricane, and percent difference of 
coarse-grain 10Bem (A-C), fine-grain 10Bem (D-F), and erosion rate (G-I) in relation to percent 
landslide area before the hurricane (A, D, G), sum of percent landslide area before and after 
the hurricane (B, E, H), and percent landslide area caused by the hurricane (C, F, I). Light-
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Figure 8: Measurements before the hurricane, after the hurricane, and percent difference of 
coarse-grain 10Bem (A-C), fine-grain 10Bem (D-F), and erosion rate (G-I) in relation to M.A.P. 
(A, C, D), hurricane precipitation (B, E, H), and the ratio of hurricane precipitation to M.A.P. 
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 hurricane samples are inversely correlated to percent landslide area (Figure 7E). Before-
hurricane erosion rates weakly and inversely correlate to percent landslide area, (Figure 7G). 
After-hurricane erosion rates are directly correlated to summed (before and after the hurricane) 
landslides (Figure 7H). Percent differences of both 10Bem grain sizes are more negative with 
watersheds that have greater new landslide area caused by the hurricane, although this 
relationship is very weak (R2 = 0.14 and R2 = 0.17, respectively; Figure 7C, F). There is no 
relationship between percent difference of erosion rates and percent landslide area (Figure 7I). 
 I compare before and after-hurricane data sets to precipitation in a similar fashion: 
before-hurricane data, after-hurricane data, and percent difference plotted against mean annual 
precipitation, hurricane precipitation, and the ratio of hurricane precipitation to annual 
precipitation, respectively. Considering R2 values and the plotted data points, the meteoric 10Be 
and erosion rate data sets do not show any robust correlations to precipitation (Figure 8A, C, D, 
E, F, G, H, I). The data set with the strongest inverse relationship to precipitation is coarse 10Bem 
of after-hurricane samples (R2 = 0.32; Figure 8B). There are weaker correlations: fine-grain 
10Bem inversely correlates to hurricane precipitation (R2 = 0.27; Figure 8E) and percent 
difference of erosion rates inversely correlate to the precipitation ratio (R2 = 0.26; Figure 8I). 
Additionally, when comparing 10Bem flux to coarse-grain and fine-grain 10Bem concentrations, 
there are no significant correlations (R2 < 0.1; Figure 9A). However, if we remove the single 
outlier (very large meteoric 10Be flux paired with very low 10Bem concentration), coarse-grain 
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Figure 10: Coarse-grain 10Bem (blue diamonds) and fine-grain 10Bem (red squares) in 
relation to 10Bei. All values plotted are based on error weighted average of measurements 
before and after the hurricane for each site. 
Figure 9: Coarse-grain 10Bem (blue diamonds) and fine-grain 10Bem (red squares) in relation 
to meteoric 10Be flux. Differences in regression are shown when DM 25R is included (Left) 










































































 Comparing Meteoric 10Be to Erosion Rates 
 A linear relationship exists between concentrations of coarse-grain 10Bem and 10Bei as 
well as concentrations of fine-grain 10Bem and 10Bei such that meteoric concentration directly 
correlates to 10Bei (Figure 10). The relationship between coarse-grain 10Bem and 10Bei display a 




 Comparing temporal replicates has allowed us to determine that sediment sources in 
watersheds were affected by the hurricane. There are few broad patterns we can observe around 
the whole island.  
 
Spatial Patterns 
 Spatial patterns in our data sets vary amongst the individual watershed-scale landscape 
factors. Area is consistent in displaying no correlation to isotopic concentration or erosion rates; 
Gonzalez et al. (2016) also did not find correlations between erosion rates and area in Panama. 
Studies show that watershed area has little effect on erosion rates calculated cosmogenically 
unless there are major dams that prevent sediment from passing through (Portenga and Bierman, 
2011; Reusser et al., 2017).  
 Mean elevation displays consistent robust correlations across all data sets (increased 
mean elevation correlates to decrease isotopic concentration). This relationship is also observed 
in concentrations that have been normalized (Portenga and Bierman, 2011). Other factors play a 
role in correlating isotopic concentrations to erosion rates are slope and landslides. Mean basin 
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 slope has a positive and significant relationship to erosion rates (Portenga and Bierman, 2011), 
which is reflected in our meteoric 10Be and in situ 10Be correlations to slope. The steeper slopes 
are more likely to fail, thus resulting in more sediment movement (erosion). According to 
Portenga and Bierman (2011) and Montgomery and Brandon (2002), mean slope and mean local 
relief are related variables such that they should show the same correlations with isotopic 
concentrations and erosion rates. Our data sets show weak correlations to mean slope, but no 
correlations to mean local relief. The reason behind this disparity can be that the range of mean 
basin slopes is much smaller compared to the wide range of isotopic concentrations. This 
observation explains why the regression line between isotopic concentration and slope looks very 
vertical. Slope is not the main driver affecting concentration variation amongst the watersheds 
and the same applies to local relief.  
 Landslides, an erosional process, are more likely to occur with steeper slopes 
(Montgomery and Brandon, 2002; Niemi et al., 2005; Portenga and Bierman, 2011; Vijith et al., 
2012). Slope failure causes sediment to move downslope (Carson, 1970), which is what we 
observe as a landslide. An increase in precipitation also relates to increases in landslides (Vijith 
et al., 2012). Precipitation and ground saturation weakens shallow regolith, making the landscape 
susceptible to more landslides. Landslides excavate sediments below production/accumulation 
zone of cosmogenic isotopes, and thus landslide-derived sediment has low 10Be meteoric and in 
situ concentrations. Mixing these lower isotopic concentrated sediments with surface sediments 
result in an overall decrease in 10Be concentrations such as I have measured (Niemi et al, 2005; 
Portenga and Bierman, 2011; Gonzalez et al., 2016; Dingle et al., 2018). This is reflected in the 
decreasing meteoric 10Be concentration data and increasing erosion rates in relation to greater 
percent landslide area. The weak correlations of meteoric 10Be and erosion rates to precipitation 
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 under single linear regression analysis means the cause of erosion is not dominated by the 
magnitude of precipitation. The lack of correlation between our isotopic data sets and watershed-




 The concentration of cosmogenic nuclides in individual samples does change after the 
hurricane, but data set averages are replicable before and after the hurricane. Erosion rates 
replicate well just like in situ 10Be, which is expected because erosion rates are derived from in 
situ 10Be. Foster and Anderson (2016) studied erosion rates before and after an extreme 
precipitation event in the Colorado Front Range and also found that individual sample 
measurements changed, but no significant change between pre- and post-precipitation data sets. 
Gonazlez et al. (2017) had samples that were well-replicated between samples collected during 
the monsoon season and samples collected during the dry season. Increase in upstream watershed 
area results in better mixing of sediment, so samples representing larger watersheds should better 
replicate (Matmon et al., 2003; Binnie et al., 2006). The 10Bei and fine-grain 10Bem data sets do 
not show this – there are percent differences that show small watersheds and large watersheds 
replicate (Figure 5H, 6H). On the other hand, the coarse-grain 10Bem data set shows percent 
differences that vary greatly in smaller watersheds, but replicate better as the watershed area 
increases (Figure 5H). The combined effects of landscape factors on replication must differ for 




 Comparing Dominica Erosion Rates to Other Tropical Locations 
 I can compare Dominica to other tropical locations where erosion rates have been 
studied, such as Panama, Sri Lanka, and Madagascar. Dominica has an average erosion rate of 
0.13 mm/yr and an average slope of 11°. The country most similar to Dominica’s measurements 
is Panama, which has the same average slope of 11° and a slightly higher average erosion rate of 
0.20 mm/yr (Gonzalez et al., 2016). Sri Lanka (Hewawasam et al, 2003) and Puerto Rico (Brown 
et al., 1995) have lower erosion rates of 0.018 mm/yr and 0.062 mm/yr and steeper slopes of 14° 
and 13°, respectively. Madagascar has lower erosion rates and shallower slopes overall (0.014 
mm/yr and 8°; Cox et al., 2009). Gonzalez et al. (2016) concluded that Panama’s high erosion 
rates and shallower slopes (compared to the other countries in tropical climate) mean its erosion 
rates are not dominated by slope processes. Because Panama and Dominica are similar in 
average erosion rates and average slope, we can make the same conclusion for Dominica – which 
is also concluded earlier in the spatial analysis between isotopic concentrations and slope. 
 
Other Factors  
 Features of a watershed not considered in this study may influence the results and 
correlations observed (i.e. human activity, percent vegetation cover, river profile, and 
floodplains). Watersheds with greater agricultural activity would have higher erosion rates 
because of soil tilling (Brown et al., 1998). On the other hand, watersheds with dense forests 
would have lower erosion rates because the roots of vegetation help prevent landslides. River 
profiles and floodplains would help determine whether there is sediment that carries 10Be settled 
upstream from the sample site located at the channel’s outlet. Assuming there is a sediment 
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 source containing 10Be upstream from a floodplain, the sediment would settle in the floodplain 
and thus likely to have higher 10Be concentrations.  
 
VIII. CONCLUSIONS 
 Testing temporal replication of the samples before and after Hurricane Maria 
demonstrates that the hurricane did affect each sample measurement individually (percent 
differences often are outside the 2σ analytical limits). However, the negative and positive percent 
differences vary so greatly across the watersheds that there is no correlation between percent 
differences and the watershed variables. Additionally, the data sets before and after plot very 
close to a 1:1 line (data sets replicate well en masse) and do not statistically differ significantly. 
The hurricane did not disturb the island’s assumed steady state erosion rates. 
 We can only interpret a few broad patterns across the island in relation to watershed 
factors. The most significant pattern is increase in mean elevation robustly correlated to decrease 
in isotopic concentrations. Observing no correlations between percent differences of our data sets 
and watershed factors is likely due to individual watersheds responding differently to the 
hurricane.  
 Returning to Dominica to collect more samples for a time series collection will help 
understand on longer time scales how the island erodes. In the future, with continuing erosion 
rate investigations of extreme storms on other islands in the tropics (i.e. Puerto Rico), we can 
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